Background
==========

Cell survival and apoptosis are associated with the cell cycle, which is highly conservative. Apoptosis does not threaten the cells' normal needs and can unnecessary regulate cells physiologically. There are potential correlations between apoptosis and cell proliferation. Many cancer genes closely associated with proliferation are closely related to cell apoptosis. With the further understanding of cell apoptosis, we found that mitochondria and membrane receptor both can mediate apoptosis. Cell apoptosis has periodic characteristics and often occurs in cell cycle arrest. Most cancer chemotherapy aims to induce cell apoptosis in the specific period to kill the tumor cells \[[@b1-medscimonit-21-3629]--[@b4-medscimonit-21-3629]\]. However, there is still little data on the relationship between mitochondrial-mediated U251 cell apoptosis and the cell cycle. We tried to clarify the mechanism of mitochondria-mediated apoptosis through cell cycle, Caspase-3, and Caspase-9.

Material and Methods
====================

Cell culture and collection
---------------------------

Human brain glioma cell line U251 cells (Harbin Medical University) were maintained in DMEM medium (GIBCO, USA) containing 10% fetal bovine serum (GIBCO, USA) and penicillin streptomycin at 37°C, 5% CO~2~ incubator (Queue Systems, the United States). The cells were passaged when the density reached more than 4×10^5^ cells/cm^2^. After removing the medium, the cells were digested by 0.02% EDTA trypsin (GIBCO, USA). Equal volume of medium was joined and collected and the cells were centrifuged at 10000 r/min for 5 min (BiofugeStratos, Germany). The cells were reseeded to the flask after discarding the supernatant. When the adherent cells achieved 4×10^6^, mitochondrial apoptosis-related gene Bax plasmid (Santa Cruz, USA) was applied to stimulate cells for 14 h; 10 μg/ml tPA (Beyotime, Shanghai) was used to stimulate U251 cells, and after adding 12.5 μg/ml Bax for 24 h, the cells were collected.

Flow cytometry detection for cell apoptosis and cell cycle
----------------------------------------------------------

Annexin V/PI method was adopted for apoptosis detection. 10^5^ cells in 100 μl fluid after washing were added with Annexin V - FITC and PI. After incubating for 15 min away from light, the cells were detected by flow cytometry (BD, USA).

API method was used to test apoptosis cycle. The collected cells were added with Annexin V -- FITC and incubated at room temperature away from light for 30 min. After washing twice with buffer, 1 ml formaldehyde was applied to fix the cells. PI was further used for staining and the cells were detected on flow cytometry after 1 h.

Cyclins/DNA double staining flow cytometry instrument was used to analyze the human brain glioma cell line U251 cell cycle specificity. The cells were fixed by ethanol overnight and treated with TritonX -- 100 for 5 minutes twice. After washed with PBS, the cells were incubated with BSA diluted antibody at 4°C overnight. Goat anti-mouse IgG were added on the second day at room temperature for 20 min. PI and RnaseA were used for DNA staining, and the cells were detected by flow cytometry.

Western blot
------------

We extracted 100 mg total protein from each group and separated it by SDS-PAGE electrophoresis. After incubation with primary antibody (1:500) at 4°C overnight and HRP-tagged secondary antibody (1:1000) at 37°C for 1 h, the membrane was detected by ECL photochemical method.

RT-PCR (reverse transcription-polymerase chain reaction)
--------------------------------------------------------

Primer Design: Caspase-3: Upstream 5′-GTACTGGCATTG GCGGTATC-3′, Downstream 5′-GAGAATCCAGGGCATCCATT-3′; Caspase-9 Upstream 5′-GGCTTGGTAGTGTTTGCCAT-3′, Downstream 5′-GGGCAAAGAGTAAACCCACA-3′; 18sRNA Upstream 5′-CTGCCCCTACTTGTCATGGT -3′, Downstream 5′-AGATGAGCCTCACAGCCCTA -3′

Total RNA was extracted from the cells. The cDNA was synthesized using reverse transcription. The PCR cycling conditions consisted of an initial, single cycle of 5 min at 95°C, followed by 30 cycles of 30 s at 94°C, 30 s at 60°C, and 60 s at 72°C. PCR products were tested by agarose gel electrophoresis and analyzed by software; 18 s RNA was chosen as control.

Statistical analysis
--------------------

All statistical analyses were performed using SPSS21.0 software (Chicago, IL). Data conformed to normal distribution were presented as means and standard deviation (χ±*s*). Differences between means were analyzed using the t test. P\<0.05 was considered as a statistically significant difference.

Results
=======

Cell cycle detection of tPA effect on human brain glioma cell line U251 cells
-----------------------------------------------------------------------------

Cell cycle of U251 cells stimulated with tPA was detected. The results showed that after treatment with tPA, U251 cells in the stationary phase obviously entered G2-M phase ([Figure 1](#f1-medscimonit-21-3629){ref-type="fig"}). G2\~M cells in the experimental group reached 31.27%, compared with the control group (20.24%). There is a statistically significant difference (P\<0.05). ([Figure 1](#f1-medscimonit-21-3629){ref-type="fig"} shows the cell cycle of human brain glioma cell line U251 after stimulation by tPA).

Annexin V/PI test cell apoptosis
--------------------------------

After treated with Bax for 24 hours, the apoptotic cell rate increased for 6.8%. After stimulation with tRA and Bax for 24 h, the cell apoptotic rate up-regulated to 15.2%. tPA stimulation was more apparent in U251 cell apoptosis induction effect ([Figure 2](#f2-medscimonit-21-3629){ref-type="fig"}).

API detect cell cycle specificity
---------------------------------

Bax induced U251 apoptosis appeared in G1 stage. Bax induction and tPA stimulation U251 apoptosis occurred in G1 stage. Cells in the control group with no tPA stimulation showed no significant cell apoptosis ([Figure 3](#f3-medscimonit-21-3629){ref-type="fig"}).

Cyclin E/DNA double staining flow cytometry analysis on cell cycle
------------------------------------------------------------------

Human brain glioma cell line U251 cells stayed in G0 stage. After stimulation with tPA, cells appeared in G0, early/late G1 phase, S2, G2, and M stages. Cyclin E expression decreased after addition of Bax and cells were arrested in G1 stage ([Figure 4](#f4-medscimonit-21-3629){ref-type="fig"}).

Caspase-3 and Caspase-9 protein expression
------------------------------------------

After being induced by the mitochondrial apoptosis-related gene Bax, U251 cells showed obviously elevated Caspase-3 and Caspase-9 protein expression ([Figure 5](#f5-medscimonit-21-3629){ref-type="fig"}).

Caspase-3 and Caspase-9 mRNA expression
---------------------------------------

After induction by mitochondrial apoptosis-related gene Bax, Caspase-3 and Caspase-9 mRNA expression significantly increased (P\<0.05) ([Table 1](#t1-medscimonit-21-3629){ref-type="table"}).

Discussion
==========

Studies \[[@b5-medscimonit-21-3629],[@b6-medscimonit-21-3629]\] have shown that the cell cycle plays an important role in the process of cell proliferation and apoptosis. The cell cycle is mainly regulated by signaling pathways. Signal blockage or strong stimulation can cause cell cycle imbalance and lead to tumor occurrence. A tumor is a kind of disease characterized as abnormal cell proliferation. Cell proliferation and apoptosis regulation pathways were destroyed in this process. One kind is the activation of signal transduction pathway, while the other is excessive cell proliferation \[[@b7-medscimonit-21-3629]\]. Signaling pathways includes CDKs, Cyclins abnormal activation and expression, and gene mutation. However, single-gene locus mutation is unlikely to cause cancer, and multiple genes combined are required to for the occurrence of cancer cells \[[@b8-medscimonit-21-3629]\]. Under the abnormal proliferation condition, cell apoptosis is often an obstacle. Cancer treatment is also a process of tumor cell apoptosis initiation, and its core mechanism is the activation of Caspase and promoting cells disintegration \[[@b9-medscimonit-21-3629]\]. Phosphorylated Akt mutation, Bcl-2, and Bax overexpression both can activate apoptosis through mitochondria. There is still lack of related research about the role of mitochondria-mediated apoptosis in human brain glioma cells. This study revealed the relationship between mitochondria-mediated human brain glioma cell apoptosis and the cell cycle through selecting the mitochondria-mediated apoptosis inducer protein Bax, applying API technology for cell apoptosis and cell cycle analysis, and exploring the impact of mitochondria-mediated apoptosis on brain glioma cell cycle specificity and apoptosis related proteins Caspase-3 and Caspase-9 activation.

U251 cells proliferate quickly during inflammation or trauma, and its status becomes stable again when the inflammatory lesions fade away \[[@b10-medscimonit-21-3629]--[@b14-medscimonit-21-3629]\]. Human brain glioma cells stay in G0 phase without stimulus. When the cells were induced by mitochondrial apoptosis-related gene Bax, apoptotic cells were fewer and cells did not enter the cell cycle. On this basis, the tectotype of plasminogen activator tPA stimulus can activate the U251 cells into the cell cycle, promote cell proliferation, and lets cells enter the S and G2/M phases. At the same time, Bax induction greatly increased cell apoptosis rate \[[@b14-medscimonit-21-3629]--[@b17-medscimonit-21-3629]\]. Thus, apoptosis can only be detected after the cells enter the metaphase, which is similar with clinical chemoradiotherapy treatment. Chemoradiotherapy made the enter the cell cycle, and the cell apoptosis rate is much higher after treatment than in stationary phase \[[@b18-medscimonit-21-3629]\].

To test whether cell apoptosis has cycle specificity, we tested mitochondria-mediated apoptosis by API method. Membrane eversion phenomenon appeared in the early phase of apoptosis, and API method used Annexin V combined with this phenomenon to judge apoptosis cycle specificity. The results suggested that mitochondria-mediated apoptosis and cycle specificity apoptosis mainly occurred in the G1 phase. Cell cycle protein consists of various types of proteins specifically expressed in the cell cycle that can make cells have a specific cycle manifestation by stimulating the cell cycle-dependent protein kinase. The major characteristic of cell cycle protein is the time phase. CyclinE/DNA double-stain flow cytometry combined cell place and CyclinE expression to test the detailed information \[[@b19-medscimonit-21-3629],[@b20-medscimonit-21-3629]\]. CyclinE is completely synthesized in G1 phase and will not appear in G0 phase. Thus, it can separate G1 phase from G0. Our results show that the mitochondria-mediated apoptosis decreased CyclinE expression in brain glioma cells, and cells were arrested in G1 phase; this process also complied with apoptosis-related proteins Caspase-3 and −9 overexpression and activation.

Conclusions
===========

The human brain glioma cells did not start the cycle process in stationary stage and the apoptosis became sensitive only after entering the cell cycle. Mitochondria-mediated apoptosis is closely related to the brain glioma cell cycle and occurs in a particular phase. It also explained the relationship between apoptosis and cycle specificity. It further revealed the role of apoptosis period in malignant tumor. This study investigated mitochondria-mediated apoptosis and has clinical significance in inducing tumor apoptosis and treatment.

**Source of support:** Departmental sources
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###### 

Caspase-3 and Caspase-9 mRNA expression comparison.

  Group         mRNA                                                            
  ------------- --------------------------------------------------------------- ---------------------------------------------------------------
  Control       0.82±0.31                                                       0.72±0.26
  Observation   1.12±0.56[\*](#tfn1-medscimonit-21-3629){ref-type="table-fn"}   1.10±0.29[\*](#tfn1-medscimonit-21-3629){ref-type="table-fn"}

P\<0.05 compared with control.
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